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Objective. To examine exercise-induced changes in the reward value of food during medium-term supervised exercise in obese
individuals. Subjects/Methods. The study was a 12-week supervised exercise intervention prescribed to expend 500 kcal/day,
5 d/week. 34 sedentary obese males and females were identified as responders (R) or non-responders (NR) to the intervention
according to changes in body composition relative to measured energy expended during exercise. Food reward (ratings of liking
and wanting, and relative preference by forced choice pairs) for an array of food images was assessed before and after an acute
exercise bout. Results. 20 responders and 14 non-responders were identified. R lost 5.2 kg± 2.4 of total fat mass and NR lost
1.7 kg± 1.4. After acute exercise, liking for all foods increased in NR compared to no change in R. Furthermore, NR showed
an increase in wanting and relative preference for high-fat sweet foods. These differences were independent of 12-weeks regular
exercise and weight loss. Conclusion. Individuals who showed an immediate post-exercise increase in liking and increased wanting
and preference for high-fat sweet foods displayed a smaller reduction in fat mass with exercise. For some individuals, exercise
increases the reward value of food and diminishes the impact of exercise on fat loss.
1. Introduction
The capacity for exercise to reduce overweight varies consid-
erably between individuals [1–4]. It has been demonstrated
that some individuals experience a lower than predicted fat
loss despite >90% adherence to 12 weeks of daily super-
vised exercise [3]. Characterising the determinants of this
variability–particularly for the less successful individuals–
could help to design more appropriate and effective weight
loss strategies. Previously, we reported that weight loss
during a program of regular moderate intensity exercise was
partly determined by differences in hunger levels experienced
during the day [5]. One additional cause of the variability
in weight loss could be exercise-induced alterations in
the reward value of foods with particular sensory and/or
macronutrient profiles [6]. The extent that changes in food
reward go on to influence food choice may then determine
the degree of compensatory eating [7, 8]. This relationship
could depend in part on eating behaviour traits of the popu-
lation studied such as restrained or disinhibited eating styles
[9–12], or it could be influenced by metabolic processes
such as substrate oxidation or secretion of gastrointestinal
hormones [13–16]. It has been hypothesised that exercise
causes a neurochemical response that has a sensitizing action
on brain reward systems (e.g., [17]). Another possibility
is the deliberate choice of highly palatable, energy-dense
foods (e.g., fatty or sweet tasting “treats”) to reward virtuous
behavior or regulate changes in mood [18] or stress [19].
Recently, we found in lean individuals that enhanced
implicit wanting for images of food after exercise could
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predict those who also increased their food intake compared
to those whose food intake did not change [20]. However,
insufficient data are available on the extent to which exercise-
induced changes in food reward influence energy intake
through macronutrient selection [6], and there are no data
on the effect of exercise on food reward when exercise is
continued over many weeks. Furthermore, it is unknown
whether the reward value of food has a role in the effect
of medium-term exercise on energy balance and weight loss
in overweight and obese individuals. Therefore, the aim of
this study was to examine exercise-induced changes in the
reward value of food during a medium term (12 weeks),
fixed volume schedule of supervised exercise in sedentary
overweight and obese individuals. Participants were assessed
using a validated computerised procedure [21, 22] that
measured components of reward (liking, wanting, and food
preference) for an array of photographic food images that
varied in taste and fat content, before and after an acute bout
of exercise. This procedure was repeated at baseline and week
12 of the intervention.
We predicted that acute exercise would cause an increase
in liking, wanting, and preference for high-fat food at the
beginning of the intervention. Furthermore, we predicted
that after 12 weeks of regular exercise, these effects would
be attenuated in those who met or exceeded the predicted
reduction in fat mass (Responders) compared to those who
compensated for the exercise and experienced a lower than
predicted reduction in fat mass (Nonresponders).
2. Methods
2.1. Subjects and Recruitment. Forty sedentary overweight
and obese but otherwise healthy volunteers (13 males) with
mean body mass index = 31.3 (±3.8 kg/m2) and age = 39.6
(±10.5 years) participated in this study. Participants were
recruited from those who enrolled on a 12-week exercise
programme conducted at the Human Appetite Research
Unit, University of Leeds [23]. Therefore, these participants
formed a subset of individuals who were taking part in
a larger study. The data reported in this study have not
been published previously. Participants gave their written
consent to take part in the study, and ethical approval was
obtained from the Institute of Psychological Sciences Ethics
committee.
2.2. Experimental Design. The study examined the acute
effects of a bout of exercise on the reward value of food
at two time points immediately before and following a 12-
week schedule of regular supervised exercise. Participants
provided reward measures for 20 photographic images of
food presented via computer immediately before and then
immediately following a supervised exercise session. The
food images varied in taste andmacronutrient properties and
were categorised according to sensory domain (sweet/non-
sweet) and fat/carbohydrate content (high or low). Partici-
pants were identified as “responders” or “Nonresponders” to
the 12-week intervention according to their final net energy
balance which was based on their actual measured changes
in body composition relative to the gross exercise-induced
energy expenditure.
2.3. Exercise Protocol. The exercise protocol used in this
study has been described in detail elsewhere [5, 23]. Par-
ticipants underwent a 12-week exercise programme that
was individually prescribed to expend 500 kcal per session,
5 days per week. Therefore, a total volume of 30,000 kcal
energy expenditure was prescribed. All exercise sessions were
supervised in the research unit and participants wore a heart
rate monitor during each session. The exercise prescription
was adjusted for each participant every 4 weeks using
submaximal VO2max tests during which indirect calorimetry
was performed. This allowed the exercise prescription to be
modified to account for changes in cardiovascular fitness
and body weight. The acute exercise bout fixed was intensity
submaximal exercise (70% heart rate max) conducted on a
stationary exercise bike (Sapilo, Italy). Water was provided
at the beginning and end of the session. Energy expenditure
of each exercise bout was calculated by comparing heart rate
and duration of the session against expenditure values from
indirect calorimetry.
2.4. Body Composition. Body weight and body composition
(lean and fat mass) were measured using air displacement
plethysmography (BodPod, Life Measurement Incorporated,
Concord, CA). ADP has been validated against dual energy
X-ray absorptiometry (DXA) and is more suitable for
frequent repeated measures research [24–27]. Height was
measured using a stadiometer (Seca, Leicester, UK).
2.5. Measurement of Reward Value of Food. The reward value
of food was measured using a computer-based behavioural
procedure called the Leeds Food Preference Questionnaire
(LFPQ) [21, 22]. The LFPQ has demonstrated good test-
retest reliability, both on immediate repetition and after one
week (typical r =.61–.95). The procedure has proven sensitive
to acute dietary manipulations [28, 29] and single bouts
of exercise in nonobese women [20]. Concurrent validity
of the LFPQ with other behavioural paradigms of food
reward (i.e., using progressive ratio schedules of reinforce-
ment) is satisfactory [30]. In this measure, an array of 20
photographic food images was used within two behavioural
tasks administered using experiment generator software (E-
prime v.1.2, Psychology Software Tools, ND). The foods were
chosen to vary along the dimensions of sensory domain
(sweet/non-sweet taste) and fat/carbohydrate content (high
or low by percentage). Half the foods contained > 45%
energy as fat while the other half comprised < 20%. These
foods were further divided into sweet tasting (i.e., dessert
foods) and non-sweet tasting (i.e., salty foods). The foods
were controlled between categories for energy and protein
content. All foods had been validated in a previous study
and rated using 7-point scales on their perceived familiarity,
typicality of presentation (most to least typically encoun-
tered), and perceived macronutrient and taste properties
[22]. See Table 1 for details of the food images used in the
LFPQ. Food images were presented individually or in pairs
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Table 1: Photographic food images and food categories used in the
procedure.
High-fat
non-sweet
(HFNS)
Low-fat
non-sweet
(LFNS)
High-fat sweet
(HFSW)
Low-fat sweet
(LFSW)
Salted peanuts
Boiled
potatoes
Cream cake Fruit salad
Potato chips Bread roll Jelly doughnut Fruit candies
Mixed olives Pilau rice Milk chocolate Marshmallows
French fries Pasta in sauce Shortbread Jelly babies
Swiss cheese Crackers Cream slice
Rich tea
biscuits
on a 17′′ monitor andmeasured 150×100mm2. Participants
responses to the foods in the array were pooled according
to categories of high-fat non-sweet (HFNS), low-fat non-
sweet (LFNS), high-fat sweet (HFSW), and low-fat non-
sweet (LFNS). Three separate measures were derived from
participants’ evaluation of the foods.
2.6. Expected Liking. Participants were prompted with the
question “How pleasant would it be to taste this food
now?”. Expected liking measured the conscious feeling of
pleasure expected from tasting each food. Foods were rated
individually according to a 100mm visual analogue scale
anchored at each end by the statements “not at all” and
“extremely”. Scores for each food category were aggregated
from the individual ratings with a possible range of 0–100.
2.7. Explicit Wanting. Using the same response format as
expected liking, participants responded to the question
“How much do you want some of this food now?”. Explicit
wantingmeasures the conscious desire for each food [21, 31].
Scores for each food category ranged from 0 to 100.
2.8. Food Preference. Relative preference for each food cat-
egory was measured by a series of “forced choice” pairings
of each food image with every alternative food in the array.
Participants were presented with 150 such pairs and followed
the written instruction in each trial to select the food they
“most want to eat now”. Foods were randomly presented on
the left or right side of the screen and participants could
choose between each pair by pressing the corresponding
buttons. The number of choices made in each food category
(possible range 0–75) was recorded.
2.9. Statistics. Data were prepared using Microsoft Excel and
analysed using SPSS v.16 for Windows. Response to the
intervention was assessed by calculating net energy balance
from measured energy expenditure during the exercise
compared to estimated energy flux from measured changes
in body composition. We used the estimation that 1 kg loss
of fat mass is equivalent to 9,540 kcal, and 1 kg loss of lean
mass is equivalent to 1,100 kcal [32]. Therefore, participants
who achieved a negative energy balance which matched or
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Figure 1: Individual variability in net energy balance after a
prescribed volume of 12-week exercise (N = 34). A value below
zero (i.e., “Responder”) indicates reduced body mass exceeding
measured energy expenditure from the intervention. Values shown
are for kcal in “000s”.
exceeded predicted changes in body composition were iden-
tified as “Responders”, while those whose actual weight loss
was lower than the predicted were identified as “Nonrespon-
ders” (indicating a degree of energy compensation). 2 ∗ 2
mixed ANOVA were used to compare anthropometric values
at baseline and week 12, within- and between-responder
and non-responder groups. Changes in the reward value
of food were analysed by separate 3-way mixed ANCOVA
(Responder group∗intervention week∗food category) with
baseline BMI as covariate. Interactions between intervention
week, food category, and Responder group were verified by
t-tests with Bonferroni correction to control for type I error.
3. Results
3.1. Identification of Responders and Nonresponders. Thirty
six out of 40 participants successfully adhered to the 12-
week intervention. Two participants had incomplete LFPQ
data. Therefore, data for 34 participants were included in
the analyses. The individual variability in energy balance at
week 12 is shown in Figure 1. Based on these participants’ net
energy balance, we identified 20 Responders (6 males) and
14 Nonresponders (7 males) to the intervention. Measured
energy expenditure from exercise did not differ significantly
between groups (P = .40). There was a trend for Responders
to have a greater BMI at baseline compared to Nonrespon-
ders (P < .06). Mean duration of the acute exercise bout was
greater at baseline compared to week 12 (P < .001) andmean
verified expenditure of the bout was less at baseline than
week 12 (P < .01). There were no differences in duration or
expenditure between Responders and Nonresponders. The
characteristics of these groups are presented in Table 2.
R experienced a greater negative energy balance com-
pared with NR which was reflected in their greater fat mass
loss. There were no differences in other variables including
starting weight, change in lean mass, duration of exercise
sessions, or net energy expenditure from exercise.
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Figure 2: Acute changes in liking for food categories measured before and after a single bout of exercise in Responders () and
Nonresponders (). HF: high fat, LF: low fat, NS: non-sweet, SW: sweet.
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Figure 3: Acute changes in explicit wanting for food categories measured before and after a single bout of exercise in Responders () and
Nonresponders (). HF: high fat, LF: low fat, NS: non-sweet, SW: sweet.
3.2. Hedonic Evaluation of Food Images (Leeds Food Pref-
erence Questionnaire). Exercise induced changes on the
LFPQ are shown for Responders and Nonresponders in
Table 3. ANCOVA revealed no effects of baseline BMI or
BMI∗food category interactions on liking, wanting, or food
preference.
3.3. Expected Liking. There was a significant main effect
of Responder group on changes in liking [F(1,31) = 12.2,
P < .001]. Ratings of liking increased after exercise in NR
compared to R. This finding was similar across all food
categories and at weeks 0 and 12. That is, the increased liking
was independent of food category and after 12 weeks of
exercise-induced increase in EE.
3.4. Explicit Wanting. Similar to liking, there was a main
effect of Responder group on explicit wanting [F(1,31) =
6.6, P < .05]. In addition, there was a significant interaction
between responder group and food category on changes in
explicit wanting [F(3,93) = 6.9, P < .0001]. NR showed a
specific increase in explicit wanting for high-fat sweet foods
(P < .01). This effect appeared more pronounced at week
0 (see Figure 3), however, the three-way interaction did not
reach significance [F(3,93) = 2.1, P = .10]. The trend for
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Figure 4: Acute changes in relative preference for food categories measured before and after a single bout of exercise in Responders () and
Nonresponders (). HF: high fat, LF: low fat, NS: non-sweet, SW: sweet.
Table 2: Participant characteristics and changes after medium-term
exercise intervention for responders and Nonresponders.
Wk Responder
Non-
responder
P
Gender
(male : female)
— 6 : 14 7 : 7 .25
Age (years) — 41.4 (8.8) 36.5 (12.3) .19
Weight (kg)
0 91.5 (11.8) 87.4 (10.1) .30
12 85.9 (11.6) 86.5 (10.6) .88
BMI (kg/m2)
0 32.3 (4.3) 29.7 (2.2) .06
12 30.9 (4.25) 29.3 (2.5) .23
VO2max (mL/kg/min)
0 30.3 (4.1) 29.4 (2.6) .52
12 37.5 (8.7) 35.9 (2.7) .63
Fat mass (kg)
0 32.9 (9.7) 27.4 (5.3) .06
12 27.6 (5.3) 26.0 (6.3) .60
Lean mass (kg)
0 58.5 (9.3) 60.2 (10.2) .63
12 58.4 (9.8) 60.7 (11.0) .54
Duration of exercise
bout (min)
0 58.2 (2.5) 62.7 (2.9) .25
12 53.2 (3.4) 56.5 (4.0) .53
Measured energy
expenditure from
exercise bout (kcal)
0 527.0 (29.6) 531.0 (44.9) .89
12 619.1 (33.0) 616.6 (50.1) .94
ΔFat mass (kg) — −5.3 (2.4) −1.4 (1.6) <.0001
ΔLean mass (kg) — −0.2 (2.6) 0.5 (1.8) .45
an increase in wanting for high-fat non-sweet foods was
nonsignificant after Bonferroni corrections were applied.
3.5. Food Preference. A significant interaction between
Responder group and food category on relative preference
was revealed [F(3,93) = 6.1, P < .0001]. Post hoc tests
confirmed that NR showed an increased preference for high-
fat sweet food (P < .05). Interestingly, these differences
were less pronounced at week 12 compared to week 0. There
was no main effect of responder group on food preference
[F(1,31) = 1.6, P = .2].
4. Discussion
The aim of this study was to examine the acute effect
of exercise on the reward value of food before and after
medium-term regular exercise in overweight and obese
volunteers. In accordance with previous research [23, 33,
34], there was a large individual variability in net energy
balance, indicating some degree of compensation for the 12-
week exercise-induced energy expenditure in 14 out of 34
participants. This variability were specifically associated with
differences in fat mass. We hypothesised that acute exercise
would increase the reward value of food measured at the
outset of the intervention, and that after 12 weeks of regular
supervised exercise these effects would be dependent on
the degree of energy compensation identified by classifying
participants as Responders or Nonresponders based on
changes in body composition. We found that rather than
differences in food reward emerging at week 12, liking and
wanting only increased at baseline in the Nonresponders,
while the Responders did not change. Furthermore, this
pattern of behaviour in both groups was stable over time.
These data provide evidence that compensation associated
with lower fat loss is associated with the acute effects of
exercise on components of food reward involved in appetite
regulation and food choice.
Previous research on exercise and the reward value of
food has been limited to cross-sectional studies in lean
individuals or trained athletes on taste palatability. One
study in overweight sedentary participants provides a notable
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Table 3: Acute changes in hedonic evaluation of food measured before and after a single bout of exercise at week 0 and week 12 of a
supervised daily exercise intervention.
Responder Non-Responder
Variable Wk HFNS LFNS HFSW LFSW HFNS LFNS HFSW LFSW
ΔLiking 0 −1.2 (4.5) 1.9 (3.4) −9.7 (4.7) −3.3 (4.4) 4.5 (5.4) 3.2 (4.1) 9.7 (5.7) 4.1 (5.4)
12 −1.9 (2.4) 0.9 (2.3) −2.2 (2.6) −0.1 (1.7) 12.0 (2.9) 10.6 (2.7) 11.7 (3.2) 10.4 (2.1)
ΔWanting 0 1.2 (5.2) 6.7 (3.6) −5.4 (3.8) −1.5 (4.1) 8.6 (6.3) 0.1 (4.4) 15.5 (4.6) 7.7 (4.9)
12 −2.0 (2.2) 2.8 (1.9) 1.4 (2.5) 3.1 (1.9) 10.2 (2.7) 3.7 (2.3) 11.4 (3.0) 4.4 (2.3)
ΔPreference 0 −0.8 (1.6) 4.4 (1.6) −5.2 (2.5) 1.4 (2.3) −0.8 (2.0) −1.5 (1.9) 6.3 (3.0) 1.4 (2.8)
12 −1.6 (0.7) 3.2 (1.1) −3.2 (1.1) 1.6 (1.0) −0.1 (2.0) −0.5 (1.3) 0.4 (0.9) 0.2 (1.3)
exception [18]. In a recent review, Elder and Roberts [6]
identified 9 studies investigating the acute effect of exercise
on palatability [8, 10, 35–41]. The findings from these studies
are not consistent but are generally suggestive of an increase
in the perceived pleasantness of foods with a range of sensory
and macronutrient profiles. None of the studies found a
devaluing effect of exercise on food reward. However, Elder
and Roberts concluded that “insufficient data are available
on whether changes in food preferences and taste perception
influence energy balance through macronutrient selection”
(page 1). In the present study, we found that those who
did not respond to the exercise intervention as predicted
were characterised by differences in the reward value of
food after an acute bout of exercise. In addition to increases
in expected liking for all food categories independent of
taste or fat content, explicit wanting and relative preference
for high fat sweet foods were accentuated. These findings
are consistent with our previous research on exercise-
induced compensatory eating in lean women. Individuals
who increased their food intake immediately after 50minutes
of moderate intensity exercise responded faster to images
of food, reported greater liking for the food, and had an
increased preference toward high-fat sweet food [20].
What mechanisms could account for the differences
observed in the reward value of food? One hypothesis can be
generated by research proposing that short bouts of exercise
may stimulate dopamine release in the nucleus accumbens
and striatum [17] or in the ventral tegmental area in response
to CRF and cortisol [42]. In rats, it was shown that an acute
bout of exercise can exert an enhancing effect on reward
(similar to a low dose of an addictive drug) via a sensitizing
action [17]. Such neural sensitization is thought to involve
changes in levels of delta FosB and dopamine transmission
in the mesolimbic pathway [43, 44]. It is possible therefore
that some individuals experience a form of sensitization to
food (and visual food cues) induced by exercise. This could
be due to repeated associations between exercise and food
seeking behavior that have developed into habit.
Exercise-induced changes in food reward could be an
important consideration in the efficacy of exercise as a
means to reduce overweight. In particular, an enhanced
motivational drive or wanting for food after exercise may
help to explain why some people overcompensate during
acute eating episodes [20]. The findings of the present study
suggest that some individuals have a predisposition to com-
pensate for exercise-induced energy expenditure as a result
of changes in food reward. However, they also demonstrate
that exercise does not increase the reward value of food in
all individuals and may differ according to the characteristics
(e.g., macronutrient and sensory profiles) of the food being
assessed. This could explain certain discrepancies in the
literature on exercise and food palatability [6].
The effects of exercise on food preference can be linked to
both the metabolic and cognitive consequences of engaging
in physical activity. Furthermore, these domains interact
and their impact on appetite regulation will depend on
individual predispositions and susceptibility [45]. Future
research should aim to identify the characteristics of those
individuals who are most likely to respond to regular exercise
(see, e.g., [46, 47]). Contrary to our expectations, the
differences in liking and wanting immediately after exercise
observed between Responders and Nonresponders were
present at baseline and remained after 12 weeks of regular
supervised exercise. This suggests that hedonic response
after exercise may be an enduring predisposition and one
that could moderate the effect of exercise on fat loss. In
contrast, we observed at week 0 that Nonresponders showed
a strong preference for high-fat sweet foods after exercise,
but at week 12 the exercise bout had no such effect. With
caution, we propose that regular moderate intensity exercise
may have a role in correcting the initial preference for
high palatability, high-energy food brought about by acute
exercise. This interpretation is supported by other 12-week
exercise interventions that demonstrate a correcting effect
of exercise training on satiety [5] and energy compensation
[48].
Some limitations should be noted in the present study.
The restricted sample size limited the opportunity to control
for numerous background variables or test more complex
hypotheses involving combinations of factors. Although
water was provided during exercise, we did not measure total
consumption; and similarly we did not measure sensations
of appetite during the exercise session. Therefore, it was
not possible to test whether our results were mediated by
hunger, thirst, or differences in water intake. The study
design did not include a no-exercise control arm. Although
each subject served as their own control before and after
the exercise session and before and after the 12-week
intervention, we cannot reject the possibility that reward
value of food may increase in Nonresponders after the first
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set of measures regardless of performing exercise. There
is evidence to suggest that prior exposure to the sight
and smell of food can increase motivation to eat in the
short term [49]. Nevertheless, we argue that 500 kcal of
moderate intensity exercise is more likely having a greater
modulating effect on food reward in Nonresponders than
mere exposure to food cues. Moreover, we only assessed
the reward value of food once before and after exercise at
week 0 and week 12. Although the immediate and one-
week test-retest reliability of the LFPQ is acceptable, further
verification of the effects we observed would strengthen our
interpretation. Another issue is the use of visual food stimuli
to assess hedonic evaluation of food. It is unknown whether
we would have demonstrated similar effects if we measured
liking or wanting and preference for food using more potent
sensory cues such as smell, taste, or ingestion. It is possible
that Nonresponders would be more able to inhibit their
spontaneous responses to food images compared to smelling
or tasting the food presented. Similarly, the exercise-induced
reduction in liking and wanting for high-fat sweet food in
the responders might be accentuated due to greater aversion
to stronger sensory cues.
5. Conclusion
To conclude, overweight and obese individuals who showed
an immediate postexercise increase in expected liking for
food and more specifically an increased wanting and prefer-
ence for high-fat sweet foods displayed a smaller reduction in
fat mass with exercise. Increased liking for foods can promote
higher compensation of energy intake in response to exercise.
This enhanced liking was not attenuated by prolonged
exercise (or change in body composition) suggesting that
it is a strong habitual trait. This maintenance of a strong
positive rating of liking for foods can, apparently, offset
subtle changes in preferences among food groups which tend
towards a more healthy eating style. For some individuals,
exercise increases the reward value of high palatability, high
energy food and diminishes the impact of exercise on fat
loss. Early identification of this predisposition could help
to optimise weight control strategies by augmenting the
health benefits of exercise with dietary modification or
pharmacotherapy.
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